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缩略词 英文 中文 
LG Lamina ganglionaris 视神经层 
ME Medulla externa 视外髓 
MI Medulla interna 视内髓 
MT Medulla terminalis 视端髓 
XOSG X organ and sinus gland complex X 器官窦腺复合体 
VGSC Voltage-gate sodium channel 电压门控型钠离子通道 
TTX Tetrodoxin 河豚毒素 
FBS Fetal bovine serum 胎牛血清 
DTT Dithiothreitol 二硫苏糖醇 
TEA-Cl Tetraethylammonium-Chloride 四乙基氯化铵 
DDW Double distilled water 双蒸水 
cDNA Complementary DNA 互补脱氧核糖核酸 
mRNA Messenger ribonucleic acid 信使核糖核酸 
RT Reverse transcription 反转录 
TAE Tris-acetic acid-EDTA buffer Tris-乙酸 EDTA 缓冲液 
LB Luria-bertani medium 大肠杆菌培养基 
NCBI National center for biotechnology 美国国立生物信息中心 
BLAST Basic local alignment search tool 基本局域联配搜寻工具 
Kb Kilobase 千碱基 
rpm Revolutions per minute 每分钟转数 
PCR Polymerase chain reaction 聚合酶链反应 
EB Ethidium bromide 溴化乙锭 
DEPC Diethyl pyrocarbonate 焦炭酸二乙酯 
EDTA Ethylenediamine tetraacetic acid 乙二胺四乙酸 
Tm Melting temperature 退火温度 
IC50 Half maximal inhibitory concentration 半抑制浓度 





































































































The kuruma shrimp Marsupenaeus japonicus belongs to Arthropoda, Curstacea, 
Decarpoda, Natantia. M. japonicus distributes widely throughout the Indo-West 
Pacific. The major neurosecretory system in crustaceans is found in the eyestalks. 
Known as the X-organ-sinus gland (XOSG) system, it is analogous to the vertebrate 
hypothalmo-neurohypophyseal system. The X-organ hormones regulate a host of 
physiological functions such as distribution of tegumentary and retinal pigments, 
gonad activities, molting, blood sugar levels, locomotion, neural activities. In our 
study, nerosecretory cells in eyestalk were cultured in vitro, voltage-gate sodium 
channel(VGSC) was detected with patch clamp. VGSC patial cDNA was cloned using 
PCR method.  
1. Histological observations reveal that the optic ganglion is composed by lamina 
ganglionaris (LG), medulla externa (ME), medulla interna (MI) and medulla 
terminalis (MT). According to the neurosecretory cell morphology, the characteristics 
of the nucleus and cytoplasm, there are six types of neurons distributed in the five cell 
clusters. 
2. Nav1.5 antibody was used in this study, in order to make sure the locations of 
the immunoreactive substances in the optic ganglion of M. japonicus, the results 
reveal that: Nav1.5 immunoreactive substances were mainly detected in nucleus 
envelop of type II and type IV neuron. The distributions of Nav1.5 immunoreactive 
substances were distribute in front of ME，the lateral of MT and the space between MI 
and MT.  
3. The neurons obtained from the kuruma shrimp eyestalk were cultured in vitro 
in the modified M199 or L-15 medium at 25 ℃. Shredded optical ganglion can 
survive more than 15 days in vitro. Cells isolated by papain or collagenase can 
survive 7-14 days in vitro. In the 5th day，number of cells with axons extended 
reached the maximum. The eyestalk neurons could be assigned into five different 
categories according to growth potential of neutries. They were “veilers”, “multipolar 















categories according to soma shape and diameter. Among all of the cells, the spinde 
shape bipolar cells were identified for the first time in crustacean neurons culture and 
they could live longer than other cells. The neurons could grow for more than two 
weeks before retraction and eventual degradation. 
4. The ion channel of neurosecretory cell in eyestalk was dectected with 
whole-cell mode voltage-clamp techniques. Most of the cells used in this investigation 
were pear-shaped, with diameters between 30 and 40 μm, average capacitance 27.5 PF. 
A fast great inward current with a small outward current was recorded after stimulate 
pulse. In the presence of Ca2+ and K+ channel blockers, an inward current was 
detected. The inward current had a threshold at about –50 mV and peaked at –10 mV. 
The peak inward current was 2975±234.5 pA. The reversed potential (Vrev) was very 
close to VNa+(the theoretical Nernst equilibrium potential for Na
+. Vrev followed VNa+ 
when the external Na+ concentration was varied. The results suggest that the inward 
current recorded under our experimental conditions was carried by sodium ions 
flowing through fast voltage-dependent Na+ channels. 
5. The intaction of TTX and sodium channel. The sodium current was entirely 
suppressed by 30 nM Tetrodotoxin (TTX), indicated that it was carried by Na+. The 
smooth line of concentration-dependent inhibition of sodium currents by TTX 
represents the best fit with hill equation, yielded an IC50 of 2.1±0.1 nM. In the 
absence and presence of 2 nM TTX, the values of half-maximal activation voltage Vh 
were –20.6±0.5 mV and –19.3±0.5 mV, respectively. TTX has no significant 
effect on the voltage-dependence of steady-state activation and inactivation of INa. 
6. Partial cDNA of VGSC(Voltage-gate sodium channel)was cloned from M. 
japonicus using gene cloning method in this study. The length of partial VGSC cDNA 
was 2,877 bp, encoding polypeptide of 954 amino acids with calculated molecular 
mass of 108.2 kD. Amino acid sequence alignment showed: the M. japonicus VGSC 
was found to have high homology with that in some model animals; especially in the 
transmenbrane structural domain. Phylogenetic tree based on comparison of VGSC 
proteins, was consistent with the evolution relationship. The protein sequence 















the transmembrance strucutre 4 of each Ion_trans domian, a highly conserved motif of 
a positively charged residue at every third position separated by two nonpolar amino 
acids, serves as the voltage sensor. 
7. The tissue expressions in 6 different tissues were tested by RT-PCR (thoracic 
ganglion, optic ganglion, muscle, hepatopancreas, hemolymph, and cerebral ganglion). 
The results showed that the expected PCR products were amplified from 5 tested 
tissues. The highest expression of VGSC was found in cerebral ganglion, the 
following was in hepatopancreas. VGSC mRNA has not detected in hemolymph. 
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